We examined the relationship between carotid intima-medial thickness (IMT) and blood pressure (BP) measured either by auscultation or by oscillometry in 176 firefighters. The automated oscillometric BP readings were related to carotid IMT (systolic P ¼ 0.023, b ¼ 0.407 and diastolic P ¼ 0.007, b ¼ À0.372, respectively) but auscultatory BP readings were not related (systolic P ¼ 0.859, b ¼ À0.028 and diastolic P ¼ 0.754, b ¼ À0.04) in a multiple linear regression analysis. The findings of this study support the hypothesis that automated oscillometric BP better relates to cardiovascular prognosis than auscultatory BP but the clinical implications of this hypothesis needs to be tested in a definitive study.
In clinical practice, blood pressure (BP) measurement inaccuracies are frequent. 1, 2 Adding to the problems of clinical assessment of BP, the mercury manometer is being banned in an increasing number of countries. Previously, we and others have reported that a fully automated oscillometric BP measurement device could produce similar results to a trained hypertension technician using auscultation, 3, 4 and recent guidelines have included the use of validated oscillometric devices. 5 In this study, we wanted to assess the association between automated oscillometric versus auscultatory BP readings and cardiovascular 'target organ damage' assessed by carotid intima-medial thickness (IMT).
The subjects in this substudy were 176 active and retired firefighters who were participating in a larger cohort study (Firefighters and their endothelium -FATE) that is investigating predictors of cardiovascular disease in firefighters. 6 The study was approved by the ethics committees of all participating institutions. Participants that did not have complete BP and carotid IMT assessments were excluded from this analysis. Automated BP measurements were initiated after the FATE trial had started therefore this analysis involves a minority of the full FATE cohort.
Participants were randomly assigned to have auscultatory BP measurement assessed either before or after the automated BP measurement. Later, some of the subjects (n ¼ 80) had auscultatory BP measurement before and following automated oscillometric readings. In the group with two auscultatory readings, only one of the readings was used for analysis. The reading used was selected by a randomization process. All participants had BP readings by both methods. The auscultatory BPs were measured by a research technician using a mercury manometer following recommendations for measurement technique. 7 The automated oscillometric BPs were performed by the BpTRU (VSM MedTech Ltd., Coquitlam, Canada). 8 The automated device measured BP five times at 2-min intervals in the absence of an observer, and the average of these five BP readings was used.
Carotid IMT was assessed by a standardized technique. 9 Other cardiovascular risk factors were examined and included in our analysis (Table 1) . 6 Complete data on all risk factors was available for 167 firefighters.
Statistical analyses were conducted using SPSS for Windows, version 14. As the dependent variable in all the linear regression analyses, average carotid IMT was transformed to its natural log. Triglyceride levels, body mass index and glucose levels were also transformed to their natural logs to improve the normality of their distributions. Independent variables in the linear regression were further transformed to z-scores.
The Table 1 shows the baseline characteristics of the firefighters all of whom were men. The correlation coefficient between auscultatory and automated oscillometric methods was 0.826 (Po0.001) for systolic and 0.655 (Po0.001) for diastolic BP. The average (s.d.) carotid IMT was 0.75 (0.17) mm.
In univariate analyses, both auscultatory and automated oscillometric systolic BP correlated with carotid IMT (r ¼ 0.187, P ¼ 0.013 and r ¼ 0.227, P ¼ 0.002, respectively), whereas diastolic BP did not (auscultatory r ¼ À0.019, P ¼ 0.804 and automated oscillometric r ¼ À0.017, P ¼ 0.825). A linear regression model was used to determine the ability of BP to predict carotid IMT in the presence of other known cardiovascular risks. In the model, age and automated oscillometric systolic and diastolic BP predicted carotid IMT, whereas auscultatory BP did not (Table 1) . Similar results were found in a linear regression analysis when only auscultatory and automated oscillometric BPs were entered in the model (data not shown).
In this study, we have found that when both fully automated oscillometric assessment of BP and auscultatory BP were assessed in a statistical model only the automated oscillometric assessment was predictive of carotid IMT. The greater predictive values of automated oscillometric BP may be related to less white-coat effect, 10, 11 to better prediction of basal BP with the fully automated device 12 or to the automated oscillometric methodology itself. To the authors' best knowledge, this is the first study to show a greater predictive value of automated oscillometric versus auscultatory office BP assessment on a surrogate of cardiovascular disease. Other studies have found that oscillometric BP readings performed at home or by ambulatory BP monitors are superior to office auscultatory readings at predicting patient outcomes including carotid IMT. 5 In these later studies, it is assumed that the improved predictive nature related to the setting (home and ambulatory vs office) and the ability to assess readings over time and not, in part, to the methodology (auscultation vs oscillometric). Our study supports a fully automated oscillometric office assessment of BP being a better predictor of cardiovascular target organ damage (carotid IMT) than a single standardized office auscultatory BP. Further studies of the different predictive strengths of auscultation and automated oscillometric BP are required.
There are several potential limitations that are inherent in our study design. Our study and many recent large studies have not found a direct association between office auscultatory diastolic BP and carotid IMT and some studies did not find an association with office auscultatory systolic BP. The lack of prediction of carotid IMT by auscultatory BP in these studies probably relates to the weak association of BP and carotid IMT and a lack of statistical power. In particular, the lack of relationship between diastolic BP and carotid IMT may relate to the importance of wide pulse pressures being associated with cardiovascular damage. In the setting of a high systolic BP, a low rather than high diastolic BP can be associated with increased vascular damage as was seen in the association between automated oscillometric BP and carotid IMT in this study. Further, we only measured the BP once by auscultation and increasing the number of auscultatory readings may have increased the predictive strength of this measure. Finally, our results were based on a validated fully automated oscillometric device that averaged five readings. Our study does not address which of the factors of the automated device are important, therefore the results may not be generalized to other oscillometric devices that lack this feature. This study has provided important but preliminary data to support the use of fully automated BP assessments for determining cardiovascular risk. Further studies are required to determine if the exact same thresholds for diagnosis and treatment can be used with fully automated devices and if these devices can replace auscultation in clinical practice. What is known about the topic K Auscultatory BP readings are often inaccurate in clinical practice. K New methods and techniques are required to assess office BP.
What this study adds K Readings from a fully automated device that averages five oscillometric BP readings were associated with carotid intima-medial thickness, whereas a single standardized auscultatory BP reading was not.
